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ABSTRACT

Gl oball yconhberes aof increasing incidence o
However, there is | imitedelitedatpuroeb!| @ms a
exacerbate the risk of AMR. The aim of thi
guality, availability and wuse of antibi ot
reactions in Southern Maneadwiic.i n"We < a&empleas tfhre
Machinga and Nsanje distr3i0@tag i &@amd rfetlrecs e
t he calli miut comes. Data on medicine avail abi

prevalenkcet amédasainroeng anti bi amtnmes ewassabi 4°¢

with | ocal manufacturing and plastic pri me
antibiotic stock outs were 12. 5%, 64. 3% art
respectively. Adherence to tr daadtathemwterguisd el

out tthhoasheat were not sAbck®¥W ofutpr e@s<c roi. DR .

we e frwat cthhecl aspr. eVviddesesAdERI % of which 27%

events. The ADR occurrence was associated v
stay, p<0.005. Patients who received ant.
phar maceuti cal i ngr eddfent ot(hPAPADR haac uhrirgehnecr

recovery as compared to the patients who r
API content . However, the differenclkes were
study reveal ed t hat hi gh preval ence of S
antibiotics, poor adherence to standard tr
serious problems affecting anti bi optairct tohfer

antimicrobial stewardship and pharmacovi gi
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CHAPTER ONE: | NTRODUCTI ON

1. Mhapter overview

This chapter ionft rtohdeauscdessn mtalyd esscdpieteewb@ ur e
availabéenati gmalr marcdb vliigadlance Brtogrcamrfesr
l nternati onal Drug Moni toring (Pl DM) an
Phar macovigilance Centre ( NPIQ)e arkea padlesoe se x
the global burden of medicine related safe
efficacy, substandard and falsified medic
highlight the historical bactk gesmueaghudl dtacsri
f r ame woprhkasr nfaocro wih g ic Ih a mtsleek etgierttemicyt i on, asses:¢

prevention of medi ci npeatrsealhaetteyd ipsrsoubelse ms an

1.Blackground of the study

Mediciehated harm GOMRHYX hi[slgaAcbgoltuab all0 % of pa
high i ncormddl Expretrrn ieeis2Ple MiRei ndat :a fi-mi gLdolwe
income ¢oaMhiCsgbkesadi ng Mal dwiwedeweard almi ft adt or s
i nadequat,pooesbenanteh daired fprcasaytsittcednss adsriudy g e ¢
hi gher bur den tohfanMRH]Jdsn rleMIipsnse t o the inc
of MRKHE, Worl d Heal th Magameemrntwomki(MHOWI t h |
devel op-beawsiedlemscdea at egi es t hat tceacnh ineivtiingga tsea
and ef fmecdaicd aotuison ahdtyenedr[irideidg wwaeceisawmt e d
probliemmd aadeng ot her s, adverse drug react.

medi ci nleosadvusfe,ahti meecy cabnadakkper,oduct quality



Compl ementary ttohetWHO lianundhad veMeda cat i o
third gl obal patiine n20 Ishaif se t yhni vijdel avtedl ceinsgtee r i a l
engagement to tabl e nat i otnhad sadnfdentgy iodian e .1
goal was to mitigate the bu[r&8d]enn oofdeMRH obywc
t his,requires high | evel coordination by Wh
stakehol ders such as medicine regulatory a

ot her profesnsisdmalngbhdeingasng nati onlal9]phar ma

l111Phar macovigilance

WHO defines ph@aPYhac @assd iggéhheaemdc and acti vitie:
detecti on, assessment, undeesfaocdsn@p,r amd
possi bt el atreudy [plrOg PIVe nesibms a't earlyeldetedt.i
problsémmg i ng t he i nafnodr neasttiaobnl igsliho bnagl Iryi,s k mi
The <concept of PV wasogmotarted Tihmal it dh @ miedaer
Thali domi de i s innomu moamodfdaireadt loes tareat ment of
of cancerul thicy dulelp tmdg] Emi ousl y, the medicine
asn@mar bisteudraattizvaen-¢aned L.2] The use dfort hmorma dig
sickness durwansg fpirresgtn aaplyoc o rad/leidean wiAtulbs t r al
physician, Dr Mc Bride vwbodt bhbdbeesetbor ncwea
| i mbnsd mul t i pl e abmoonmeg ndeenf owhnmoi tweersédr eexnepas e€d nt
[ 1.3TThevent salweomd i rmed by iIindepetndentt eobser
countmclsdi ngoMser imh ange-1o0r, N0 GbGadI € st han 40 c o
wer e aldy etth aldi aleodnimdge t o whnea diddiamed t bien mhe k e

19614, 15]



112WHOPr ogr almm tfeorrnat i onal Drug Monitoring

Foll owiThg! t 4o mi,deWHO aegseadqaybd g sdammdf or i nt er ne
monitoring ((HMKBMhgisy st ennl | abor atoinng ogli mmlpa la
reporting advefAPBPRsthddgyersactivems s foll owi
(AEFI JThe centr e nvaGedeesvtaz br i ahddand | ater m
Swedrerowf fi cedkelryedUuptpsadsa tMoemi t or.Meghb€entr e
countries coll ect I ndi vi dual Case Safet
Phar macovigilance Centres (NPC). TWMGe rep
database which is referred taondass hvdrgd cdo assmnedn
ot her me mb er st AT eWH QOfad rpd agtsi oan advisory
i mpl emenrtiagk omi ifmi zaw gl nt pé alMdvi sory Commi

Medi ci nalACRrooMPLI2Y s (

Over the past decades, the scope of PV has
drug reactions to other medi cine related

i nappropriate use of medicines, [nRe0d]i cati on

113 WHOGI obal Surveillance an8ubMotnaintdoarridngar
Fal sified Medical Product s
Quality of phar macemdjicmaanlc eprna d WPootosr igqsu ad n d ty

associated with higher risk of ADRsSIThaend ot
WHO coordinates monitoring toaf ouweh et thiev eGl
Surveillance and MohRRopTvmansy eSsytsabelm s(h@IIMSi)n
separ atnad H2a6d member states as of 2017. Thr

mor e 5S50Ohfaenr sonnel under various Regional o]



Aut horities on conducting post mar keti ng s
per swomadsl WHO f ocal persons who receive 1 e
conduct prel i minar yc aisnevse sotfi gpaotoirtoamgsu dalei dtGy® MEr
[ 23] More than 1500 reports of suspébetaed su
reported thettweenG2M3 30 fad@A2dWeT e from Af i
European, 21% America, 8% Western Pacific,

regf 2.4]

114Phar mac o wvihgil |l seAaégeeisc a

Phar macopigntiapakly relies on good safety
strong coll aborations among countries or
professionals and |[ROHBATI Chheqh t 8i pmiofgir @aanrst

made over the pAbGtichamd dleagspitaogeat ny, of mon

of medic[2@] sa¢ e1 968, when founding member
Ger many, l rel and, Czechosl ovaki a, Net her | a

(USA) and United Kingdom (UK) formed the |
program;24 yleODf28.7Mlhat €ri r st African countri

Morocco and South Africa, followed by Tuni

I n mosti naMlWCki ng PWalsaywsit ems are not fully
regul atory frame wor k, |l ack of qualified s
foraRlack of integration ofwiesW 8fihi addpuablin
ADR reporting mast ofs Aferfycrd miwcdtnance esby 2

contributedototbel yokaP wha ciislwieineenttthed S R so



Vi gi blalsFlErrtmheenene of the African countries

reporting at | east 20[02.8]eports per million

Mal awi joined the programme as'tammundsgooiudt
the current 155 member states of the9PI DM
Over the years, the PV centre have been col
phar macovigilance principles and practice:
suspected ADRs and med][ 2. hRadr tphreord,u csta fqgeutayl irt
were designed and made accessible to heal
strategies aim at improving the number of

so that preventativel memahhles are taken in

1.2 Problem statement

There is a high burden ¢f3®3htbiui odtaitca roens ias

medi-cehated problems is |imited.

Previous studies reported presence of sub
antibiotics in Mal awBi37et weanme@dildnapdeval
(rang-8812%p. The variability in the previo
dynamic pharmaceuti cal mar ket which respon
bur den, standard tr eapgareindi egsu i andd 3i8a| efhoer o een

Phar macy and Medicines Regulatory Authorit"

a full member of the Program for Internati
a need to evalwuate 1 f PV programs easr e nhel
Mal awi . Further mor e, no study has assessed

of SF medicines among patients.

P



Appropriate use of antibiotics Iimproves pal
resi stance. LMICs face several chall enges
stewardship strategies. These i ncctliutdieoonerls:
|l imited resources to enable proper diagnos
medi c[idnely I n addition, the unstable suppl)y
influence inappropriat el 42]lIS¢e utdii @z a@fonant inbi
reveal ed unstable supply of [eds3s,ed#dtdpinveelv eme d it
i mpact of availability of antibiotics on

unknown.

Knowl edge on the quality of antibiotic med
medi cines and the associated clinical outc:
i mproving delivery of patient care and cur

1.3 Justification
1. 1Rati dmal d ocusing on antibiotic medicines

1. 3HL gplurden of bacteri al infections
Bacteri al i nf eclta aodnisn ga rcea uasmeosn §ogif.c Jidanraetr & lyi t1\3 ¢

of deat hs around the worl d [adr6e] Thtet rbiulr Wteend

bacteri al di seases i s -mdidgdreo pionrctoinoen acl d uyn thri
Mal awi7] This is attributable to poor | ivin
mal nutrition, indecent housing, | ack of «cl

and | ack of health edudat8ijom 2089 gualbagt &Hr

related mortality rate of 230 deaSahhsarpaenr 1



Africa. This was si-gntbmeaocbugt hi gbhewhti bhn)

| ower mortality rate of [##5B]2 death per 100

1.183P2resumed demand for antibiotic medicine
The high prevalence of iIinftectiveussei senas e
anti HJid®t3ilcSt udi es have reported that anti bi
than 60% of patients who vi[&B¥7] a KHhealnt hetc
analyzed the gl obal antibiotic consumption
was a significant correlation between the
domestic product (GDP) per icatpi ¢ acomdDuummtgi
i n LMICs increased by more than 100 %, wh |
only a 6% increase in anmt8ijlFiuotiher medit cii se e
antibiotic consumption would increase furt
doses (DDDs) to 168 DDDs) by 2630Amotrhg ntohe
mo s t used antibiotics i n L MI Cs ar e pen

Nitroimidazol 58abB8] macrolides

1.3. 2omparison of antibiotics with other m

Studies have shown that due to the differe

of SF medicines is higher for medi seags U
especially antibiotics and -iamnctonmeasl aad o wr tsr ii
maj or concern is for medici-oesmwhicaAbheedus
[ 60, 6HdOwever, Mal awi al so f-aaxcmmuminc @ mice ediss

such hypert en[s6 2,n6Bahnuds ,ditaob ectoenspr ehensi vely



it

i s al so

cl asses.

1.4oncerns

i mportant to compare the qualit

of antibiotic

resi stance

There are concerns of increasing incidence
use of anti pb64er6BHh mM2E@12,) niets was estimated t
were associated with antibiotic resistanc
resi stance w8ahargheAtrioasuwith 98.9 deat
i ncome coanéerwas 5b5he7r f§é&8&fhise preirg Ll 0Dy Od®ONn ¢
resi st anmieddilre liomwome countries (LMICs) [
i nappropriate [[®65¢ Wiotf h ainndcdhe daseéedsexposure t
bacteria tend to reduce the effectiveness

such -asadtiovati on of the active compounds
reducing t he epemende acbiinleist yantdo btlhoc k a[dée8 Jof t [
| n L MI Cs, AMR is further perpetuated by

stewar dsneidpcasebh by the public, l ack of

treatments, poor quality of anti Hié®dt]i c med

1. SAt udy ai ms

1.

To

Brbad

assess

out comes in

Sout hern

and

objectives

Objective

Mal awi

t he agquda luistey ,o0 fa vaanitli @b ioltiitcy medi ci n



1.

Spz2cific Objectives

To assess the factors associated with
ot her selected medi ci ne cl asses (an

antidiabetics)

.To evaluate t he effect of antibiotic

standard treatment guidelines

To characterize adverse drug reactions

. To determine the association between |

medi cines and <clinical out comes



CHAPTER TWOERATURE REVI EW

2.0 Chapter overview

This chapterphacmaesviogn ltamece met hods and
various studies-rebacegdl|l pavbbl emdi ¢ MR@s) . It
incl advegse drADRssedbstiaomndar @ and fal sifiec

medi cation errors.

2.1 PharmaMewvhgdsance

2. Pak spihvae ma c o vweg ihloadmrsc e

Spontaneous maeptorwii dnaglt \if @dd dedo | 4 seefce ti yo nd atfa 1
|l i fe si tHealitomscare workers, passengiat ®s
observed adverse eveahdwvohumat smeidli gi napompt
aut ho[r7.0t]iNeadg i onal Phar maNPo@ssdigai t| aa fcreem tCemed a Less
reports to genlkemaP¥, safengwsfigmadsrent dbr om
mul tiplehisohhrseggessseciaatciaas abet ween a tre

ef fle7clt]

A spontaneous report i sf raoom uaxmrs oil madii & iedualo
healt hcar patwideoh g commpeagyl at ory authaority
suspected adverse drug r eacrtdloant eodr[ pa&royb | @t
Despite the | ow costs associreapedtwingghi spom
majmmrob 3% Thdsteansumber of f alca ok sofi nkkhn wwli &

compl acency, fear of I|itigation an7dlheavy



2.1. 2 pAltdarn mac o wedg ihloadrsc e

Active surveillance methods areinfihesated
met hods aim at achieving a higher number of
to confirm a hypothesis that wasAcgdnmnwer at
sur veiilsl adnocnee t hrough sewneir sélr weiyttaraguectbée da s
reporting, i ntenkageedf riapeophdamty, eveemtr dmo n

epidemi ol ogica] 76psearch met hods

2.1. 3 Apopft itggéesi ohacht i ve surveill ance

Detection of adver eagf ini.g § MERERasc tpiroensse nits ian ce
manner to diseasdnsiagi® aamdé , spamet ovims ker s n
associate a medicine tof ah, TADIB pemilrtete edong t
cli mied dfllomgg api d screening of patient case
of adver seey ecvoermptlrsi .spteTdeff ich eidhsat I ndi cate a poc

in a patiehtl $ealgeasodeering of [n7e8W medi ci

I n 2000, the I nstitute for Hepalotfh caacraed el nmpcr
cli reixpaletgan to develop lists of triggers
sites and fields. Later these were combine
be | argely wused at hospi {f ZB0lhleewgdlobamhd tfromg
comprises of a comprehensive |ist of clues

prescribing of new medicines such[ 86] antid

2. A2lverse drug reactions
The WHO defines an adverse drug reaction (.

and unintended and occurs at doses nor mal |

M M



or therapy of diseases or f o[r8.Ioids fdefaitmion
is ilmgnias it excludes harm caused nbeydiac immeed
mi suse o0rocahuwpsae i admkhol w eevxephid] Oditelfee ni t i on i s s u
characterizing events that occur when the
terms of the mafBa@8ini 2P 0Dyt FEdrwiaz adtsi cannd Ar 01
ADR definition to an Oappreciably har mful
intervention related to the use of a medic
administration, arnds pweacrirfainct st rperaetvneenntti,o nalot e

or withdrawa[l83]f the product

ADRs have seri oudipeateigarti vend mp@adl Gloonkcalr ley ,
about 24% of ofl 8d&hrd a8d% lotf ppaattiieennttss r ecei vi n
Europe and United States of][ &6neAbi-8coat %5xopfe r i
ADRs ar 4 8sdidi aais |l east 1% of [BMBRADRsesatbave p
been reported to cause hospitalization or

of pdt8idegmt0sfual |l y, ADRs are manageidntdsfhome gh
cases prescribing new medici nesTchomste s dhairt t
to increased tdt8a8Bl]Thest ob&l tceat meht ADR tr

$30 billidmaihm thlke 2UBA[9.2Jon in the UK

2. Zlbssification of adverse reactions
ADRar e characterized based on sefmeamtayt,ur e
preventRailliintsy. and atTéhgpansioned ADRs i nto t w

Augmented and Bizarre ADRs.



2. 2Adgthent ed ADRs (Type A)

Type A ADRs are most prevall®@&ntfThey aceopmned
based pmartnaec ol ogi cal properties of t he n
exagg«matwead ef f seco®ndary ef fl ©eR]Josr oefx atmpd eme
occurrence of bleeding following warfarin

dose [ 86bated

2.2BlLzarre ADRs (Type B)

Type B ar anarag en AtDRsasi |y predictable as th
with the phar macol ogi[cOablle qphr ompiesms exsh rody ppe
ei tihnemalnogi c al or iodtimameaccamplkex Mbet manage
|l ife threatening symptoms an[fd97aBPe8dmpglse®si a
include Steven Johnsondéds Syndrome (SJS) or

administratifof7]of all opurinol

2. MBedi gualei ty

Substandard and falsified ( SF) me[d9i.9%c]i ne s

Substandard medi cal products are al] 24] refe
These are fAauthorized medical products tha
specificafil®@®glrhdars bt tdaused by | imitations

or posduction degr adasttiammmce due to subjecti
[ 101 On the other hand, falsified medical p
or fraudulently misrepresent|[ 2h@EJUndesdsienalbl

characteristics of SF croendtiecnitn esf saacthi vaes pi



ingredi,entay( APla)d t o har mful effects such a

dregents, mortality, [@ah@2]anti microbi al res

I n 2WHLO ,est iantaptehdev 8 hence ofaks8F[b®&é OTihcae nbeusr d e
of SF miesdgli bigbsfor African counEFEoAssamwith
countrtilrees prevadlDefvtre | ies fabodtes@recec alb ht hreiHé <

prevalence iIs [a&0]l ow as below 1%

2. Fethniques fommeddet eaetsi ng SF

Various techrmreiviplusaeteeqea s e®@f 6bcmadi tesés. ar
t o evmd duiastpeeei fas adefoinked in official pharn
the PharSnaclepebsai nclude quanti fiiongtrieadn enft s

(ARdyal uaneiiognh tofamad | hi $secsltut i on

2. 3Str @etneicnhgni ques
Not all quality parameters require sophist

af fordabl emedtulto desf d éefcaahh lIveecr eeni ng pur poses.

2. 3ViLhsaal I nspection
Assessment of physical ioshared oyt aursiegir iac® pfao tt
control s, evaluati oduopo-gtmk esthiedg pg wrdweit Is|

formul ati on defects such as pr ewreinfcoer nift yb rc
col or or shape, and presence of mi crobi al
signiqdqulamayp.l elmesage form units are visual
includitegrity of paokgghnalbe pnsdcclhabaesh € meglels

flavoudetect qulad3Jty probl ems



2.3Thi B | ayer chromatography (TLC)

TLGs an analytical nh @ewdlnd tqgiulee t da@amp osuenpdasr ak
di fferential affinities | dOaiyqgdesk da asftiartsimho n esi
app!l iexd rtaamPtl tfreom phar maceutical formul ati c
AParsepotted on a solid sdaratalguedirnyaaph a xe ps ac
referred to aSpathtrednapbptaseay.e placed in
containing appropriate solvent or solvent

the compounds spotted in the chr pmm@mbhbepl at e
retention factor ( Rfc ovnap aureehset cifodtaly eif a8 mmp Lt & e

identityThé RhevAPUe is calculated using t|

N T’\O"Qi 0 ®i @A P QN € o6eQ
WO " s -
OQi 0 ®& @O ‘Puxity EQNU'A ££0¢ O

Il n principle, the distance travelled by t
compoiufndit is equal to di.st@mctehd t daateledsii eldar
and intensity of t ke ndogntAPilndinc athessa d tolr musl eal
ultraviolet (UV) active cumpwalnldys 25 4%4n mi and
For -Wonactive compounds, various staining t
staining are useldl@®] ydbaladlwl zues thtrehaep essproctisp |

TL@nd the detection of sample .spots under

M p



Solvent front

Sample spot

Fi guRrei nci ple of Thin Layer Chromatography
A. TWwiCs u aluisz antgisatmad inmeg. A sampl e dabgllsedsphpoptl2edndn3)r bpl
concenteathedt3 and 80 ®Wndanaernt)r.atTihen retention factor va
detection, whilrephensrtzei mhtedecopoestrBtiTdnC of the act

visualization under wultraviolet | ight.

2. 3Dlsdntegration time test

The bioavailability of a medicine is depe
di ssolution ¢fLlOT7De sfiateylrattiiom ti me test i
predict the ability of the folmOI83toi preriforoc
di sintegration test, dosage wunits are plac
baskets ar e rianitsoe da acnhda mmboewe rceadnt ai ni ng wat e

at °C37 The time taken for the dosagelOwWnit to



2. 3Ctnbirmatory test met hods
Phar macopeial methods are gol d dtlardrahrudss, f «
medi cines suspected to besupp ogpsoed ntfqaurahe d yb y

of fiphiaa Imamep dto@lsensure reliability of the

2. 3HLgB performance | i(HPILLC)chromatography

HPLC is a highly sophistiwtcatéy alppdmatdodrma

chemifdtdiltps i nci pl e i s based on separation o
tightly packed polymeric solid phase wusing
column at very high pressure. The separat:i
with vewomyesmalkzlesp thereby increasing the s

eluted from the column at different ti mes
subjected to al dredaweicolbd/t Yswsedtitbalsepti(ot d med er
aryradetectwhi DaADt)i fi es the compounds by

absorbancedeafniamradvaepplrfebd2h

2. 3DLs%ol ution

Solid dosage chamigtes onlus t i dbme Momviol adve quat e

abgpodiaood di stha itblhue si tPi #$olacttii@mm measures
API from the formulation under simulated ¢
[ 107 Dosage units are placed in dissolution
agitated fromuieeg & abpakort usadd(epparnates |
Sampdrees t aken and subjecet.égfLiCoaplaymadc op enie a

absoduwanettide ssdf 5 gd3]



2 Medication errors
The US National Coordinating Counci l for 1

( NCCMERP) defines a mreedviecmatta bolne eerweorrt atsh adta

to inappropriate use or patient harm whil e
professional, p[a8.1 ]JeMedi coart i omnseurmeorré can o
medi cation such as prescribing, preparatio
Medi cation errors may be in different form

pat ment tfok 1 4]g

Medi cation errors MRH ldmjompos ®@Bnof cpusee o
are caused by[ ImeEMIgdciactatoinonererrorrosr s afhect ov
year. At | east one patient dies i[nnl&d] day

Medi cat iacael g waisat ed with ngglaliBleet et ahomc

ofmanagnen@g cati on errors is estimated bet wee
[ 11 BHere is |Iimited data on the prevalence
estimated that i mpact associated owidt h nme @ ir

of moffiarv]ty

2.15mpor t sthacared arfd treat ment guidelines

Poor heaolrtatc,t cema® degwaitreces such hasal tmedcar E
professionals and poor communication among
contributing to high inciiddncd30hnMBRHdes$pe:
gui ddISiTrPessp wivd el-e asgeud d as g et epmaetsicer i bi ng, di s
administration of medi ci n[lels2 alhldi M eicreaprs@av s |

use of medqual nNntepysiognicfarceangand reduces the

MYy



err@adser se drangl rmeof d 2l Girmtgh er |, 8T6Gs enlvelerg i n
accur ate f or e cdaesntainndg aonfd mendpircoimmeed iedifne i nEp

chaidAhis theretiace, mbdli psnteostforXk2]outs and



CHAPTER THREE: MATERI ALS AND METF

3.0 Chapter Overview

I n this chapter, awe rpracva dida kekese aeedasic b f qubk s
in thivwWwehededyuss the design of ptlheest wekire
sel ectdedscri pti on o fa psptlsiaeyd Ipiorpgal makat| lcaudsaa n o r
of the sample size. The chapter also provi

and the statistical analysis applied to an

3. ftudgsi gBeaandng

The studies i n arhdss tshecstiiso ncasl nbddeygescidgles r o s p
studvieee conducted in Zombiast rMaccthsi.n glah ea ndli
randomlyamamppbeed3 dosthercbdr eéMpail@mnwi using
funct Moar o o &to.r E eac hwed itsatrrgied tadli s tor iscetl elca s |
(secondary hospital), four pubflowr-paechy
pr i nmaerayl t h afnadc ifloiutri epsr ibvya tset rpahtai rfmaecdi ersa ndom
Zomba diestorti chtavdeo a di strict G@Geonstploaslp.i t alwe
Furt hewermdeé her t hbraesee df apirtihmary heal th c¢are f &
and only two private pharmacies (one in Zo
us to conduct theTkhtsasdythe s$shedirepreei seso

facilities.

Study | wasn padbhidicag ealdt pr i vate health faci
care (pecomadnad yt,erti ary | evellllhedi hNWNoft aedl i

hospital iaznedd tphaeteiree notcseantd uZanebda Cent r al Hos p



and Nsanje DisThiictprHommapay widesvel facilities

care sEheioeber fi anccil luidteide si nWd@deuallya ,| Twheorned

Machinjiti, St Lukeos, Makwapal a, Chamba,
Heal th Pharmacy in Zomba; Chididi, Mbenj e,
and Trinity in Nsanje; and Med BagpsRhar ma

Chi kweo, Namandanj e, Namanj a @&aheaodlrayplcihag alh

di stropbuof tihehoscwhidigy@bsaltoens

Fi gBMa&p of Southern Mal awi showing geograpt

Created byt Asc Gl ®8ww. arcgi s.com/index. ht ml #

3. Popul ation and sample size
Apart from bacteri al i nfedi $ avaths e h malsareina ei
across the country afféae@Byergy thloe hpaeshe | dHaeac

al so been an i ncr easoemmunn itchaeb Ipe edviasl eeanscees osfu

H M



and di[abb2e tWe3s]t her ef ore compared the preval
antimal ari al s, anti hypert eAn stioteasl amfd 203 i
samples of commonly used mediannebBypeonhgna
and antidiabeOucsdwéia@ai samplaed af sammkdi wa
(mini mum of 20 dosage units) copddierctt.eidn atti r
The selection of the medicines was in accoc
List (MEML) and the Mal awi Standard Treat m
t hleat estatvetrsé oni me of study. We included

alternative treatment s ,f oral@aommgn hlygpcetrdreina
mel |l itus ty[ple2d4Forn namtail mavliar i al medi ci nes,

from the Mal awi Nati onphl2tiWaltarrieas uGui dien i a

Mal awi 6s second l' ine antimal ari al medi cin
antimal ari al for pregnaMedivenimeess u@@uWi ninnd ha
were amoxicillin, azithromycin, cef ur oxi me
antibiotics; guinine, fixed dose combi
artesunate/ amodi aqui ne, sul fadoamil meli py mieme

a e n,oElnaall ,anertihly | dopa and Hymbrnayc hal notri shigypidear zt i edne

metformni nbamdl ami de among antidiabetic medi

St udlylalhdi hvol ved hospitalizggpaddweint patcioe mt
randomly sampled across the three faciliti
popul ation propp) t¥*Ea 2\WBe rarsus tamend= p3 L% as e Xy
preval d1@Qe ]0(.p0)5 margin of error ( E) and 1.

significance | evel



3 2l.dcl usion Criteria

T Hospitaliizredt mheatmeditcsal war d

T Age O 18.years old

1 Pr escarnitbiebd ot i c¢ hmeaidn ci neat ment

3. 2EXcl usion criteria

1T Medi cal records wi t h mi ssing I nfor mat i

d e mo g rdaapthai c

1T Readmiwlseporeesvi ous emedidsalwer e not avail at
On the availability of antibiotic medicine:
among tahned fstericsoten dr ecommended treat ments for

in Malawi as stated in the | atedt nedi t(IM&T G

[ 124We included gentamicin, ceftriaxone, e
metronidazol e, amoxicillin, cloxacillin,

penicillin, ciproftokmoknazolna,l i doxycyaalcii e
Unli ke the other antibiotics, meropenem an
tertiary | evel hospital st haeat eRieatyin@me ona&s

by murldug resi $§tt@281 bacteria

3. Bata Collection

3. 3Ddta for quality of medicines

For st wdy |legcstiwed inf or mati on of the medicin
of dosage units, batch numbers, expiry dat
the primary or secondary paakagges eudihreg ma n

amount of dosage units for conducting eac



targeted to collect at | east 80 dosage uni

samples to the Kamuzu University of Heal t

avail able stock at facility was Il ®w,t efdewer
3. 3. Vli.slual i nspection
All the dosage units per samgpl edeweby. ultjhe

This i1 nvolved physicalltyheasprodsamge datkcte
as -nonformity of color, size amacksampdabrars

anwi si bl e mi cr ocbonatla neirn apnatrst.i cul at e

3. 3.GIPHRF Mi mirloaloE ol s
Three dosage wene tssu bpee@iseadnptidcat i ve anal ysi
of API using thin TLC according to the GIc

protocplL&Pitiepsiti cate test sampl es were spot

capillary tube and compared with standard
on the same plate. A sample failed the tes
a differemcens of travel di stance, si ze, ar

standar dTasbdbeetlowgi ndi cates the conditions

minil abE.



Tabl e Summary of analytical conditions wused

Medi cine SanSolven/Mobil e pha|Detecti

Aml odi pine 5 Methan{WaterAcet onfUV | i gh
Aceti c aci (

Amoxicillin |Aceton|Et hyl aAcetfl odsmai
acWdter (6

At enol ol 50nMet han/Met hanol : Uv | i gh
(90:10)

Ciprofloxaci|Met han/Met hanAtet | |UV | i gh

500 mg Tol uene:
(50:12.5:1

Enal april 5 |[Ethano|Acetic ac(UV | igh
But anol (1

Gl i bencl ami dMet han|Et hy aceta|U/V I|ig

Et hyl Tol uene: a
(50:50/30: 5: 5)

Gentamicin Wat er 13.5M anNi nhydr
chl oroform
(1:1:1)

Hydrochl or ot|/Acet on|]Et hyl acet|U/V |ig

LumefantrineAceton|Et hyl acetU/ VvV 11i¢d

120mg/ 20 mg aci d: Tol |l ods mai
15:75)

Met formin 50Water Acetic aci|U/V |lidg
water (10:

Met hyl dopa 2Met han|{Acetone: A|lodine
Tol uene: W
(25:25: 25

Quinine 300mMet han|{Met hanol : Uv | igh
(95:5)

Sul fadoxine/|Met han|Et hyl acet|UV | igh

500mg/ 50 mg Met hanol (|1 odi ne

3. 3.0i.s3i ntegration time testing

Th2T 31
medi um and a
sampl e were

di sintegateéeea

coatwhgb)n 30

Eir we k mantanse nut s e d

fCe mmer atldr @ ypfe s3 o f

for

di sintegration

medi ci ne s

run for the test aodmmll dt etl hye
t which no residue of dosage
mi nutes to pass the test.

Hp

t

1



3. 3.Plh.adr macopenedlhoass ay
Twenty dopage suwenséusdhj ecat eglh aairomassWegi aked
Agi |l entHE gleXr @ r hiagnuGhed o mat ogr aphy ( HPL-C) or

violet/ Visible (UddVosdi sgpetcor mphlodoaodmepr g

and I ndi an [Phad .mhTblpgiemer al , al | 20 dosacf
individually and cr ucsfhetdhd npoowdgerwdwears vAeni @gh
into a suitable solvent and further dilute:

drugs were prepar eduseadsednompdrienp a.raa’ i toons éimp il e
were filterROFMidilngpoERME ffiilltters, bGk.fdog@m i n

anal ysi s.

The amount of APl upoesBERL Cwaasn adhegtsasrammpnleed U ¢

foll owing equation:

PQQOQI &Gk Wb WESEE 0 Q& 60— U ;

Wherran#4aPAe the peak areas for the sampl e a

andsawWe the weights in final dilution of tt}
and&iB the potency of the main ingredient f
For U/V Vis assay, we used the foll owing e

s~ o~ Yt~ Y 7 ey e Y pTesst L Y g LN T
bQQoQtafE@o@a@ssoQ%r

primb

WheriesAt he abhder gdvmgewenfeght samplif e naalnddi | ut
A (1%, 1cm) is theesipeedfas bishha drdbdécimoaeniu tai o n
odOmgsmandar dt satpt ey emi ned] W3ax]el engt h

Tabliend2 cates the analytical conditions for



Tabd e Summary of HPLC assay methods used
Medi ci ne Col umn Mobil e/ pBabe|  FIl ow Il njec|Detect
type vol un
Amoxicill C18 c@ilMobile Phase 1ml / m50O0l 2 5ndm
X 4mréxem Buffer (1:99)
Mobil e Phase
Buffer (20:80
Buffer = 0.0
di hydr ogen, pHh
adjusted to 5
hydroxi de
(Mobile phase
Medi ci ne Col umn Mobil e phase FIl ow [I njectDetect
type vol umeg
Benzyl pencCl18 2lMobi lpdase A:[1ml/ m500l 225nm
X4. 6mmx ypotassi um
phosphate
Mobil e phase
(Mobile phase
CeftriaxgcCl8 2lMobil e phase I1ml / m500l 254nm
x4. 6mmx §Buffer (1:99)
Mobile phase
Buffer (20:80
Buffer =poDag
di hydrogen
adjusted to P
hydroxi de
(Mobile phase
Medi ci ne Col umn Mobile phase|lFIl ow Il njec|Detect
type vol un
At enol ol * Met hanol 275nm
CiprofloxCl18 2l Mobil e phase|1. 5ml|10l¢ 278nm
Xx4. 6 mmx ort hophosphor
to PH 3
Mobil e Phase
(Mobile phase
Met f or min Wat er 232nm
Sul phadoxC18 2lMobil e Phase|l. 2ml|10¢ 254nm
pyrimethgx4. 6mmx ort hophosphor
Mobil e Phase
(Mobile phase
*Applied U/V Vis Assay

n



3. 3.0li.sbs ol umetomod £ st

We uPddr maTest E1200 di ssol uti on apparatus
according to met hodsl rptrervrPaitaidomaan] 0lp3b0e, i 1&3rli]t i
Only amoxicillin, atenolol, ciprofloxacin,

under t

h e

C 0 nTdai btl.i€oons esatcaht eme diinci ne sampl e,

di ssolved was determined by the correspond
Tab3 e Summary of Dissolution methods used i
Medi ci n|Di ssol uMedium |[Temper ajSampl in
sampl e apparat|{( Vol ume|/ Speed ti me
Amoxi ci|Apparat/Water (|3TT/ 75rmM30 min
At enol ol/Apparat/Water 3T/ 50rmM45 min

Met hano

(900ml)
Ciprofl|Apparat/Water (|[3TT/50rn30 min
Met f or mAppar at{0. 68 % 37T/ 100r|30 min

Pot assi

di hydr o

phospha

adjuste

6. 8 by

NaOH9O00O0

H'Y



3. 4 .L1li.c6t

| aboratory

reagents/ chemical s

Tab4 e Sources of | aboratory reagents and
Country of
Name of reagent/chemical Name of manufacturer Origin
United
Triethylamine Fisher Chemicals Kingdom
Acetone Glassworld South Africa

Acetonitrile Analytical grade Glassworld South Africa
Acetonitrile HPLC grade Merck KGaA Germany
Methanol Analytical grade Glassworld South Africa
Methanol HPLC grade Merck KGaA Germany
Orthophosporic acid 85% ACE Chemicals South Africa
Potasium dihydrogen phosphatg ACE Chemicals South Africa
Butan1-ol Skylabs South Africa
Buffer solution PH 4 Skylabs South Africa
Buffer solution PH 7 Skylabs South Africa
United

Glacial acetic acid HPLC grade | FisherScientific Kingdom
Hydrochloric acid 32% Kayla Africa South Africa
Sodium hydroxide pellets Spanlab India
De-ionised water Suez® deionizer machirmupled with | Malawi

AU480 (Kamuzu University of Health

Sciences)
Trifluoroacetic acid Merck KGaA Germany
Ciprofloxacin standar@>98%) Tokyo Chemical Company Japan
Amoxicillin standard (>98%) Tokyo Chemical Company Japan
Sulphadoxine standard (>98%) | Tokyo Chemical Company Japan
Pyrimethamine standard (>98%)] Tokyo Chemical Company Japan
Benzylpenicillin standard (>98% Tokyo Chemical Company Japan
Ceftriaxone standard (>98%) Tokyo Chemical Company Japan

Ammonia solution 25% Skylabs South Africa
Toluene Merck KGaA Germany
Ethyl acetate Skylabs South Africa

H

ch



3. 3Dt améadirci ne availability
For s{Odyebmhil yével revi ewed stock cards in

coll ect data odn6theageiakitl@atbi ¢ i mgdiodi nes o0

coll ection (point awiax lmdntlhg yvsiamgl a vstrr ud
The overall stock out of antibiotic medici
the number of medicines available within tt}
of medicines that should be aedi |l abie &srp

has al so been appl i[eldd3i,ABot]seé0cki multamdus at
antibiotic medicine, we calculated the day

the stock card records.

3. 3P8ti ent dat a
For study lahdshbyldyntdilvVMe ldbstracted demogr a
data such as patient diagnosis and prescri

eligibl&hpataent ssas collected by the pri msa

phar maictibstspecial training on t hweaadlsestiesctteidon
by clinicians and other pharmacists in the
at hemsetdi cal doctor and two pharmacy persor

who are holders of degree awdodwpremariann:

phar macovigilance and orTheeltiedinso nwerhee maiu
consulted to clarify on the clinical assess
The pharmacovigilance team | ead in Mal awi
caslklse facilitheal usemanagpdmuesrnt i nwWhoemat i ol



responsi halses eanftbfl iec earl sl di scharged filed and

wards, thus making the access and retrieva

Anti biotic treatment was cofpdrhed 2WiltSh etdn
Mal awi Standard TwédatmemwtasGuihegellianest duri
for the specified diagnosis toWassesensi fliere
nomdherence to guidelines i f the patient v
ot her than the one recommended in the MSTG

cl ear contraindication for the recommended

We further applie@pplea)dpikoliale tdreitgegdr otnho wlf
(AEs). This tool was developed by the I nst
United States of America to help optimize
using inpatient hosphealuseeodr certlat nappli
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Abstract

Objective
To assess the prevalence and factors associated with substandard and falsified (SF) medi-
cines among antibiotic, antimalarial, antihypertensive and antidiabetic medicines in Malawi.

Methods

We conducted a cross-sectional study in 23 public, faith-based and private health facilities
in Zomba, Machinga and Nsanje districts. We analyzed oral medicine samples of commonly
used medicines among antibiotics, antimalarial, antihypertensive and antidiabetics in accor-
dance with Malawi Essential Medicines List and local treatment guidelines. These medi-
cines were subjected to visual inspection for any defects and screening for the content of
active pharmaceutical ingredient and disintegration of dosage units. Samples that failed dur-
ing screening and at least 10% of those that passed were subjected to pharmacopeia assay
and dissolution test for confirmation. We used thin layer chromatography and disintegration
test methods provided in the Global Pharma Health Fund minilab® for the screening pur-
poses. We conducted confirmatory test using High-Performance Liquid Chromatography
(HPLC) or ultra-violet/visible spectrophotometer and dissolution.

Results

Of the 293 medicine samples collected, 14.3% were SF medicines. Among the SF medi-
cines were 12.5% of Amlodipine (1/8), 19.2% of Amoxicillin (5/26), 72.2% of Atenolol (8/11),
21.2% of Ciprofloxacin (7/33), 14.3% of Enalapril (1/7), 44.4% of Flucloxacillin (4/9), and
35.7% of sulfadoxine/ pyrimethamine (10/28). Medicine quality was associated with thera-
peutic medicine class, stated origin of manufacturer, primary packaging material and geo-
graphical location. Antimalarial and antidiabetic medicines were of better quality as
compared to antibiotics, odds ratio OR 4.2 (95% CI 1.7-9.49), p < 0.002 and OR 5.6 (95%
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Cl11.21-26.09), p < 0.028 respectively. In terms of stated country of origin, the prevalence of
SF medicines was 30% (15/50), 33% (9/27), 26.7% (4/15) and 6.6% (8/122) for medicines
stated to be manufactured in Malawi, China, Kenya and India respectively.

Conclusion

This study presents the first findings on the assessment of quality of medicines since the
establishment of the national pharmacovigilance center in 2019 in Malawi. It is revealed that
the problem of SF medicines is not improving and hence the need for further strengthening
of quality assurance systems in Malawi.

Introduction

Substandard and falsified (SF) medicines are a global public health concerns [1]. Substandard
medical products are also referred to as ‘out of specification’ products [2]. These are “autho-
rized medical products that fail to meet either their quality standards or specifications or both”
[3]. This is caused by limitations during manufacturing processes or post-production degrada-
tion [4]. On the other hand, falsified medical products are “medical products that deliberately
or fraudulently misrepresent their identity, composition or source” [3]. Undesirable character-
istics of SF medicines such as inadequate API content, may lead to harmful effects such as lack
of response to treatment, adverse drug events, mortality, and antimicrobial resistance [5].

Some recent studies have started linking adverse health outcomes to the prevalence of SF
medicines. A recent systematic analysis by Torloni et.al attributed the high maternal mortality
in low and middle-income (LMIC) countries to the high prevalence of SF medicines used for
treatment of life-threatening pregnancy complications such as eclampsia, post-partum hemor-
rhage and sepsis [6]. A 2017 World Health Organization review established that 169,000 chil-
dren suffering from pneumonia are estimated to die every year as a result of treatment failure
due to use of SF antibiotic medicines [7]. About 4% of malarial deaths among under-five
patients who receive treatment in sub-Saharan Africa are also reported to occur due to use of
SF medicines [8]. Furthermore, SF medicines are also associated with loss of public trust and
increased individual, household or health system costs [9].

WHO estimated the prevalence of SF medicines at 10.5% in 2017 for LMIC [2]. The burden
is high for African countries with a prevalence of 18.9%. The prevalence for Asian countries is
10.2%,while for other countries, the prevalence is as low as below 1% [10]. Studies done in
Malawi between 2014 and 2017 have identified substandard analgesics, uterotonics, antimalar-
ials and antibiotics in public, faith-based, private health facilities and unauthorized vendors.
The median prevalence of substandard medicines was 24.7% and the range was 12.5%-88.4%
[11-14]. There has also been report of falsified tablets collected from the informal markets that
were mislabeled as sulphadoxine/pyrimethamine but contained paracetamol and co-trimoxa-
zole [15].

The prevalence of SF medicines is dynamic [16]. It responds to a number of factors such as
disease burden, standard treatment guidelines, and regulatory policies and enforcement [17].
The Malawi Pharmacy and Medicines Regulatory Authority (PMRA) established the national
pharmacovigilance center and became a full member of the WHO programme for interna-
tional drug safety monitoring (WHO-PIDM) in 2019 [18]. The goal of the WHO-PIDM is to
reduce medicine-related safety problems including SF medicines through post-marketing
quality monitoring and reporting [19]. However, there was limited data to assess for
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improvements in prevalence of SF medicines in Malawi since 2019. Moreover, the factors asso-
ciated with the quality of medicines in Malawi had not been investigated.

In this study, we aimed to comparatively assess the current burden of SF medicines among
the most commonly used medicines for treatment of both infectious and non-communicable
diseases. Hence, we focused on antibiotics, antimalarials, antihypertensives and antidiabetic
medicines [20,21]. We also further assessed the factors that are associated with the quality of
these medicines.

Materials and methods

This was a cross-sectional study conducted between July 2021 and January 2022 in 29 health
facilities. The health facilities were selected in the southern region of Malawi (Zomba,
Machinga and Nsanje districts) using RAND function of Excel. We adapted the guidelines for
medicine quality assessment and reporting (MEDQUARG) [22]. Primary healthcare facilities
were selected based on stratified random sampling. For each district, the facilities were
grouped into public, faith-based and private health facility. We used the RAND function in
excel to select four primary health care facility from each group. Where the facilities were < 4,
all of them were included in the study. Purposively, we also included each district hospital in
the study for comparison. Ordinarily, each district in Malawi has one major hospital that is
considered as public facility for secondary level of health care.

Furthermore, all health facilities are clustered into zones, for which each zone has one
major public central hospital, which is considered as a tertiary level facility for the zone. The
district health office for Zomba district only offers administrative services and bulk storage of
the medicines and medical supplies for distribution to the primary health-care facilities, but
does not provide patient care services. Hence, we co-opted a central hospital for the zone,
which is coincidentally located within Zomba district. By these categories, there were 11 faith-
based not for profit, 16 public and two private health facilities at all levels of care. Of these, 23
are primary, five are secondary and one is a tertiary level health-care facility. The primary level
health-care facilities are 21 rural health-centres and two private retail pharmacies while the sec-
ondary level health-care facilities are the three major public facilities for each of the study dis-
trict and two community hospitals owned by faith-based organizations. As already
highlighted, the only tertiary level facility in the study is a public facility.

In total, 293 medicine samples of commonly used medicines among antibiotics, antimalari-
als, antihypertensives and antidiabetics were sampled (see S1 Table). The selection of the medi-
cines was in accordance with the Malawi Essential Medicines List (MEML) and the Malawi
Standard Treatment guidelines (MSTG) of 2015, which was the one in use at the time of study.
The use of MSTG/MEML in the selection of medicines was supplemented with the 150 Central
Medical Stores Trust (CMST) Tracer list of items. The 150 CMST tracer list of items is a com-
pilation of 150 items that must be available all the times whenever a customer (health facility)
orders medicines. We included oral medicines used as first line or alternative treatments for
common bacterial infections, malaria, hypertension and diabetes mellitus type II in Malawi
[23]. For antimalarial medicines, further guidance was sourced from the Malawi National
Malaria Guidelines 2013 [24] that resulted in addition of Malawi’s second line antimalarial
medicine (artesunate/amodiaquine) and first line antimalarial for pregnant women (Quinine
oral tablets). As summarized in Table 1 of results section, the selected medicines were Amoxi-
cillin (n = 26), Azithromycin (n = 11), Cefuroxime (n = 1), Ciprofloxacin (n = 33), and Flu-
cloxacillin (n = 9) among antibiotics, Quinine (n = 1), fixed dose combinations of Artemether/
Lumefantrine (n = 99), Artesunate/ Amodiaquine (n = 1), and sulfadoxine/pyrimethamine
(= 25) among antimalarials, Amlodipine (n = 8), Atenolol (n = 11), Enalapril (n = 7),
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Table 1. Characteristics of medicine samples.

Variable Characteristic MEML | Public Health CHAM Licensed retail Total Samples Samples tested
category® Facilities facilities pharmacies Number of | tested using according to
(N=16) [189 | (N=11) [79 (N=2)[25 Samples visual/TLC pharmacopoeia
ples] ples] ples] testing monographs
methods
Medicine type Amlodipine 5 and 10mg DVA 3 3 2 8 8 0
(International tablet
Nonproprietary Amoxicillin 250 or HVA 17 8 1 26 26 14
Names) 500mg capsule/tablet
Artesunate/ DVA 0 1 0 1 1
Amodiaquine 100mg/
270mg tablet
Atenolol 50/100mg DVA 8 2 1 11 11 11
tablet
Azithromycin 250/ DEA 7 2 2 11 11 0
500mg tablet
Cefuroxime 500mg N/A 0 0 1 1 1 0
tablet
Ciprofloxacillin 250/ DVA 24 7 2 33 33 15
500mg tablet
Enalapril 5/10mg tablet DVA 4 1 2 7 7 0
Flucloxacillin 250mg DVA 0 2 9 9 0
capsule
Glibenclamide 5mg DVA 12 4 1 17 17 0
tablet
Hydrochlorothiazide DVA 7 6 1 14 14 0
25mg tablet
Lumefantrine/ HVA 67 30 2 99 99 0
Artemether 120mg/
20mg tablet
Metformin 500mg tablet DVA 12 2 4 18 18 14
Methyldopa 250mg DEA 5 3 1 9 9 0
tablet
Quinine sulfate 300mg DVA 0 0 1 1 1 0
tablet
Sulfadoxine/ HVA 16 10 2 28 28 10
pyrimethamine 500mg/
25mg tablet
Total medicine 189 79 25 293 293 64

number of samples

* The Malawi Essential Medicines List (MEML) of 2015 specifies the level of health institution at which the medicine is normally permitted for use: H = at health centre,
district hospital and central hospital levels; D = at district hospital and central hospital levels only; C = at central hospital level only. N = level of use not specified. The

‘therapeutical priority’ code categorizes medicines based on therapeutic importance of each medicine by the use of: V = vital medicines which are potentially life-saving,

of major public health relevance and having significant withdraw side-effects, E = essential medicines which are effective against less severe, but nonetheless significant

forms of illness; N = non-essential medicines which are used for minor self-limiting illness and are often of questionable efficacy. The third categorization of

‘procurement system’ has two codes: ‘A’ = medicines required by a large number of patients as such to be routinely procured and stocked by CMST; and ‘B’ = medicines

required for a limited number of patients and not routinely stocked by CMST).

https://doi.org/10.1371/journal.pone.0279637.t001

methyldopa (n = 9) and Hydrochlorothiazide (n = 14) among antihypertensives and Metfor-
min (n = 18) and Glibenclamide (n = 17) among antidiabetic medicines. From the selected
medicines, the only child friendly formulation in our sample was dispersible artemether/
lumefantrine.
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Basic information of the medicines such as trade name, strength of dosage units, batch
numbers, expiry date, and stated manufacturer were collected from the labeling on the primary
or secondary packages using a data collection form. In order to acquire the minimum amount
of dosage units for conducting each of the required pharmaceutical tests, we targeted to collect
at least 80 dosage units from the sample container and transported the samples to the Kamuzu
University of Health Sciences for quality analysis. Where the available stock at facility was low,
fewer but more than 20 dosage units were collected. All the dosage units per sample were sub-
jected to visual inspection. Nine dosage units were subjected to screening of which three were
analyzed using thin layer chromatography (TLC) and six were subjected to disintegration test.
For confirmation, 20 dosage units were subjected to pharmacopeia assay for absolute determi-
nation of content of active pharmaceutical ingredient (API) and three for dissolution.

Firstly, we visually inspected the medicines for presence of any visual defects such as non-
uniformity of color, size and shape, or presence of breakages and any contaminants. For
screening purposes, we conducted semi-quantitative analysis of the content of API using thin
layer chromatography (TLC) according to the Global Pharma Health Fund (GPHF) minilab™
protocols test [25], and disintegration test as outlined in pharmacopoeia. Medicine samples
that failed to comply during screening tests were subjected to pharmacopeia assay and dissolu-
tion analysis for confirmation. In addition, we ensured that at least 10% of the remaining sam-
ples that complied upon screening were also confirmed by assay and dissolution. These
samples were randomly selected according to medicine type, based on the availability of
reagents and reference standards. We used Agilent™ 1120 high performance liquid chroma-
tography (HPLC) or Biobase™ Ultra-violet/ Visible (UV/Vis) spectrophotometry to determine
the content of API while PharmaTest™ 1200 dissolution apparatus was used to perform disso-
lution analysis according to methods provided in the British or Indian Pharmacopoeia [26,27].

A medicine sample was considered substandard if the sample dosage units failed to meet
the specifications for either content or release of the API For TLC, triplicate test samples were
spotted and compared with standard spotting of both 80% and 100% concentration on the
same plate. A sample failed the test if at least one of the sample spotting presented a difference
in terms of travel distance, size and intensity of spot with reference to the standard spotting.
Six dosage units were run for disintegration test. All the dosage units were required to disinte-
grate within 30 minutes to pass the test. For the assay and dissolution tests, we used the
specifications provided in the US pharmacopeia for determining whether the medicine was
substandard or complied to the specifications [4,28]. Overall, we considered a medicine as sub-
standard if the sample was non-compliant to either the specifications for the API content or
dissolution upon confirmation. For a few samples including Flucloxacillin (n = 3), Amlodipine
(n = 1) and Enalapril (n = 1), the pharmacopeia confirmation was not performed due to
unavailability of reference standards.

Descriptive statistics were used for determining the prevalence of SF medicines. Chi square
test was used for comparison of the test results among different variables. The extent to which
variables were associated with the quality of the medicines was analyzed using logistic
regression.

Ethical considerations

This study was given ethical clearance by the College of Medicine Research and Ethics Com-
mittee (COMREC) under approval number P.11/20/3199. We also sought approval from the
Pharmacy and Medicines Regulatory Authority (PMRA) and the directorates of health and
social services (DHSS) in all the three participating districts before data collection. Further-
more, during medicine sample collection, consent was sought from each respondent. In the
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majority of cases the respondent was also the in-charge of the facility. The respondents were
provided with written participant information sheet and an oral explanation about the study
before signing the consent forms. The participants in this study were mostly health workers
employed by various institutions and were above eighteen years of age. No personal data was
recorded during this study.

Results
Characteristics of medicine samples

Of the 293 medicine samples collected (Table 1, Fig 1), 27.3% (n = 80) were antibiotics: Amox-
icillin (n = 26), Azithromycin (n = 11), Cefuroxime (n = 1), Ciprofloxacin (n = 33), and Flu-
cloxacillin (n = 9), 44% (n = 129) were antimalarials: Quinine (n = 1), fixed dose combinations
of Artemether/ Lumefantrine (n = 99), Artesunate/Amodiaquine (n = 1), and sulfadoxine/
pyrimethamine (= 25), 16.7% (n = 49) were antihypertensives: Amlodipine (n = 8), Atenolol
(n = 11), Enalapril (n = 7), methyldopa (n = 9) and Hydrochlorothiazide (n = 14) and 12%

(n = 35) were antidiabetic medicines, which were Metformin (n = 18) and Glibenclamide
(n=17). About 17.5% (n = 53) of the samples were claimed to be locally manufactured while
82.5% (n = 240) were claimed to be imported from various countries as indicated in Fig 2; Aus-
tria (n = 2), China (n = 27), England (n = 1), India (n = 137), Kenya (n = 21), Morocco (n = 1),
Netherlands (n = 2), Switzerland (n = 27), Tanzania (n = 3), Turkey (n = 1), and Uganda

(n =17). In terms of health facilities, 27% (n = 79) of the samples were from faith-based health
facilities, 8.5% (n = 25) from private pharmacies and 64.5% (n = 189) from public health facili-
ties. The majority of the samples (77.8%, n = 228) were from health centres which provide pri-
mary health care services and mostly found in rural settings (Fig 1).
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0
80.0% 77.8%

70.0% 64.5%
60.0%
50.0%

d 44.0% 42.3%

40.0%
31.7%
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Fig 1. Showing samples tested based on category.
https://doi.org/10.1371/journal.pone.0279637.g001
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Fig 2. Showing stated country of origin of SF medicines.

https://doi.org/10.1371/journal.pone.0279637.9002

Prevalence of SF medicines

All the 293 medicine samples collected were subjected to visual inspection and disintegration.
Based on availability of reference standards, 262 samples were further screened using thin
layer chromatography (TLC), which performs semi-quantitative analysis of the API content.
Of the medicines samples that were fully screened, 14.3% (n = 38) were found to be substan-
dard medicines (Table 2). The substandard medicines were 12.5% of Amlodipine (1/8), 19.2%
of Amoxicillin (5/26), 72.2% of Atenolol (8/11), 21.2% of Ciprofloxacin (7/33), 14.3% of Enala-
pril (1/7), 44.4% of Flucloxacillin (4/9), and 35.7% of sulfadoxine/ pyrimethamine (10/28). The
SF medicines were associated with medicine type (by generic name) (p < 0.001), therapeutic
class of the medicines (p < 0.001), stated country of origin (p < 0.001) and district where these
medicine samples were collected (p <0.042). The statistics were adjusted based on the new
denominator.

Of the 38 SF medicines, 32 samples were confirmed using through pharmacopeia assay or
dissolution test (see S2 Table). Except for sulfadoxine/pyrimethamine (SP) tablets, all the sam-
ples presented with non-extreme deviations from the acceptable ranges. For the ten SP sam-
ples, there was notably higher than the declared content (more than 120% of label claim) of
pyrimethamine while sulfadoxine was available in extremely lower amounts (below 80% of
label claim) for all the samples subjected to HPLC assay. Apparently, all the SP samples were
stated to be manufactured by the same one company from China. Of special note is that the
purportedly names of the manufacturers as extracted from the packaging have been omitted to
ensure anonymity. However, for all the samples that failed confirmatory tests, we reported to
the Pharmacy and Medicines Regulatory Authority with the details of the manufacturers and
where the medicines were sampled for further action.
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Table 2. Prevalence of out-of-specification medicines.

Variable Characteristic Number of | Visual TLC, n | Disintegration, n | Dissolution, n | Pharmacopoeia Overall non-
samples analysis, n (%) (%) (%) Assay, n (%) compliance rate, n
(%) (%)
Medicine type Amlodipine 5mg or 10mg 8 0(0) 1 0(0) 1(12.5)
(INN) tablet | (12.5)
Amoxicillin 250mg/ 26 0(0) 0(0) 5(19.2) 5(35.7) 5(35.7) 5(19.2)
500mg tablet/capsule
Artesunate/ Amodiaquine 1 0(0) - 0(0)
Atenolol 11 6 (54.6) 0(0) 0(0) 5(45.5) 4(36.4) 8(72.7)
Azithromycin 11 0(0) - 0(0) -
Cefuroxime 1 0(0) - 0(0) -
Ciprofloxacillin 33 0(0) 3(9.1) 4(12.1) 2(20) 6(42.9) 7(21.2)
Enalapril 7 0(0) 1 0(0) 1(14.3)
(14.3)
Flucloxacillin 9 0(0) - 4 (44.4) 4 (44.4)
Glibenclamide 17 0(0) 0(0) 0(0) 0(0)
Hydrochlorothiazide 14 0(0) _0(0) 0(0) 0(0) 0(0)
Lumefantrine/Artemether 99 0(0) 0(0) 0 (0) 0(0)
Metformin 18 1(5.6) 0(0) 0(0) 0(0) 2(11.1) 2(11.1)
Methyldopa 9 0(0) 0(0) 0(0) -
Quinine sulfate 1 0(0) L 0(0) 0(0) -
Sulfadoxine/ 28 0(0) 2(7.1) 3(10.7) 10 (100) 10 (35.7)
pyrimethamine
Therapeutic class | Antibiotics 80 0(0) 3(5.1) 13 (16.3) 7(29.2) 11(39.3) 16 (25.4)
Antimalarials 129 0(0) 2(1.2) 3(2.3) 10 (100) 10 (7.8)
Antihypertensives 49 6(12.2) 2(5) 0(0) 5(26.3) 4(36.4) 10 (25)
Antidiabetics 35 1(2.9) 0 (0) 0(0) 0 (0) 2(11.1) 2(5.7)
Stated Origin of | Local 53 7(132) | 3(6.1) 6(11.3) 9(37.5) 10 (34.5) 15 (30.6)
manufacturer Imported 240 0(0) 4(1.9) 10 (4.2) 3(9.7) 17 (44.7) 23 (10.6)
District Zomba 124 5(4.1) 2 (1.9) 8 (6.5) 7 (29.1) 13 (37.1) 19 (17.3)
Machinga 93 0(0) 1(1.2) 3(3.2) 2(13.3) 6 (40) 7(8.3)
Nsanje 76 2(27) 4(5.6) 5 (6.6) 3(18.8) 8 (47.1) 12 (16.7)
Facility type Government 189 6(3.2) 6(3.5) 10 (5.3) 9(23.7) 20 (41.7) 27 (15.7)
CHAM 79 1(1.3) 1(1.4) 4(5.1) 3(20) 6(46.2) 8(11)
Private 25 0(0) 0(0) 2(8) 0(0) 1(16.7) 3(14.3)
Facility level Primary 228 3(13) | 7(34) 13 (5.7) 6(17.1) 20 (44.4) 11 (5.7)
Secondary 50 3(6) 0(0) 3(6) 5(29.4) 6(31.6) 27 (13)
Tertiary 15 1(6.7) 0(0) 0(0) 1(33.3) 1(33.3) 2(16.7)
All NA 293 7 (2.4) 7(2.7) 16 (5.5) 12 (21.8) 27 (40.3 38 (14.3)
Total number of 293 293 262 293 55 67

https://doi.org/10.1371/journal.pone.0279637.t002

Factors associated with substandard (quality of) medicines

Results of the logistic regression analysis for possible factors affecting quality of medicines
such as therapeutic class, stated origin of manufacturer, primary packaging material, storage
stores, and location of health facility are presented in Table 3. Odds ratios (OR) for complying
to quality specifications were compared with antibiotic medicine class, local manufacturing,
bottle primary packaging, ordinary storage stores and Zomba district respectively as reference
characteristics.
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Table 3. Factors associated with SF medicines in southern Malawi.

Compliance to Quality specifications

Variable Comparator Characteristic OR 95% Conf. Interval P value
Therapeutic class Antibiotics Antimalarials 42 1.7-9.49 0.002

Antihypertensives I 1.02 0.41-2.54 | 0.964

Antidiabetics 5.6 1.21-26.09 0.028
Stated country of Origin for facturer Local Imported 3.72 1.78-7.84 0.001
Primary packaging Bottle blisters 5.05 2.33-10.91 <0.000
Storage Ordinary drug store SIAB 0.84 0.42-1.69 0.63
District Zomba Machinga 2.29 1.02-6.74 0.026

Nsanje 1.04 0.47-2.31 0.915

https://doi.org/10.1371/journal.pone.0279637.t003

Medicine samples from Machinga districts had better-quality medicines, OR 2.29 (95% CI
1.02-6.74), p< 0.026) as compared to those sampled from Zomba district while there was no
significant difference with those sampled from Nsanje district, OR 1.04 (95% CI 0.47-2.31),

p <0915,

In terms of therapeutic medicine class, antibiotic medicines had the highest rate of non-
compliance to quality specifications after adjustment basing on confirmatory tests. Antidiabetic
medicines had the highest quality OR 5.6 (95% CI 1.21-26.09), p < 0.028 and were seconded by
antimalarial medicines with OR 4.2 (95% CI 1.7-9.49), p < 0.002. The quality of antihyperten-
sive medicines was comparable to antibiotic medicines with OR 1.02 (95% CI 0.41-2.54),

p < 0.964. We further analyzed the quality of the medicines by therapeutic class per district and
found that only results for antimalarial medicines were significant in Nsanje district, p < 0.003.
The rest of the medicine classes per each district, except antihypertensives in Zomba, had

OR > 1 in comparison with antibiotics but the results were not statistically significant.

We also found imported medicines to have better quality in comparison with locally manu-
factured medicines, OR 3.72 (CI 1.78-7.84), p < 0.001 and also medicines primarily packed in
blister packs were of better quality as compared to medicines packaged directly in bottles, OR
5.05 (95% CI 2.33-10.91), p < 0.000. On further stratified analysis per district, the good quality
of the medicines for imported medicines was significant for Zomba and Nsanje districts, OR
2.75 (95% CI 1.3-7.8), p < 0.046 and OR 6.5 (95% CI 1.67-25.18), p < 0.007. In terms of pack-
aging, the results were significant in Zomba and Machinga with OR 5.7 (95% CI 1.68-17.8),

p < 0.005 and OR 5.7 (95% CI 1.04-31.8), p < 0.045 respectively.

Origin of substandard medicines in Malawi

All the detected substandard medicines were manufactured in Africa and Asian countries
(Fig 2). There was a significant variation in the proportion of SF medicines among the coun-
tries where the medicine samples were manufactured (P< 0.001). Prevalence of SF medicines
was rampant for medicines claimed to be locally manufactured (30%), from China (33%),
Kenya (26.7%) and India (6.6%).

Discussion

Routine post-marketing surveillance of medicine quality is not common in resource limited
countries such as Malawi [29]. Thus, with respect to the WHO Global Benchmarking tool for
evaluation of national regulating systems of medical products, majority of LMICs are at lower
levels (level 1 or 2) of maturity as they lack resources to maintain strong and active systems
and structures that can enable them to achieve properly documented integrated monitoring
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activities at various levels. Another major challenge of national medicines regulatory authori-
ties in LMICs is lack of human resource [30]. As such, the quality of medicines on the market
remains a concern. Our study found that 14.3% of the antibiotics, antimalarial, antihyperten-
sive and antidiabetic medicines in our sample were substandard based on tests for content and
in-vitro release of API. The medicine classes analyzed in the study are crucial as they are used
for treatment of diseases with a high morbidity and mortality in Malawi and other LMICs. For
instance, more than 50% of prescriptions in LMICs contain antibiotic medicines [31]. On the
other hand, Malaria is one of the leading cause of death in Malawian children under the age of
five years [32]. It is also revealed that the burden of hypertension and diabetes is increasing in
Malawi [33]. Therefore, the compromised quality of medicines analyzed in this study have
potential to cause hazardous effects on the public health.

Previous studies done in Malawi found SF medicine prevalence of 45.5% and 13% in 2014
and 2017 respectively among antibiotic medicines. In these studies, the sampled antibiotics
included co-trimoxazole, phenoxymethylpenicillin, Ciprofloxacin, Amoxicillin/Clavulanic
acid, chloramphenicol and Cefuroxime [11,13]. In this study, we sampled Amoxicillin, Azi-
thromycin, Cefuroxime, Ciprofloxacin and Flucloxacillin and found a prevalence of SF medi-
cines of 25.4%. This is 1.79-fold lower than the prevalence in 2014 but 1.9-fold higher than
results if the study done in 2017. The continued high prevalence of SF antibiotics is worrisome
for low-income countries such as Malawi. This is based on the fact that the country is bur-
dened with high infectious diseases which requires quality treatment using antibiotics. The
poor-quality antibiotics may therefore contribute to mortality and antimicrobial resistance
due to under-dosing in individual patients.

In 2015, a study by Chikowe et.al found a very high prevalence of 88.8% substandard antima-
larial medicines [12] while in 2017 study by Khuluza et.al the prevalence of SF medicines was
9% among antimalarial medicines [13]. Both studies included samples artemether/lumefan-
trine, Sulphadoxine/ Pyrimethamine, Quinine and Artesunate/ Amodiaquine medicines and
these were also included our study. In the current findings, we found a slightly lower prevalence
(7.8%) than the 2017 prevalence of SF medicines among antimalarial medicines. The methods
applied in these three studies are similar and therefore the variations might be likely attributable
to times that these studies were conducted and thereby further confirming that the prevalence
of SF medicines is dynamic and therefore continuous efforts to curb the burden are necessary.

In the past studies, little attention was given to the quality of medicines for treatment of
non-communicable diseases in Malawi and sub-Saharan Africa. In this study, we also included
antihypertensive medicines such as Amlodipine, Atenolol, Enalapril, Methyldopa and Hydro-
chlorothiazide and oral antidiabetic medicines such as Metformin and Glibenclamide. The
prevalence of SF medicines among antihypertensives was 25%, which is comparable to the
high prevalence of SF medicines among antibiotics. Antidiabetics on the other hand, have a
lower prevalence of 5.7%. Though most studies have found that antimalarial and antibiotics
are mostly to be substandard and falsified in low-income countries, this study has found that
the problem is also prevalent in non-communicable disease (NCD) medicines, especially the
antihypertensives. This requires strong post marketing surveillance system targeting medicines
for treatment of all medicines regardless of the disease that they are intended to treat.

The factors associated with SF medicines in this study were therapeutic medicine class,
stated country of origin, primary packaging material, and geographical area. Previous studies
have shown that there is disproportionality in the burden of SF medicines across the globe,
with low-income countries recording a high prevalence of SF medicines used for treatment of
infectious diseases such as antibiotics while in high-income countries, the burden is low and
mostly concern expensive medicines for lifestyle use such as steroids and treatments erectile
dysfunction [10,34]. Further, it is postulated that economic factors such as high market
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